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SUPPLEMENTARY NOTES
Introduction
Researchers from the Air Force Research Laboratory, Northrop Grumman Corporation, and Stanford University are engaged in a project to investigate modeling and simulation of dynamic command and control organizations. This effort will help define how organizational modeling and simulation can benefit organizations that must evolve to meet the demands of a changing world. These organizational changes can be minor, like a group of planners reviewing a novel way to evaluate courses of action or they can be larger-scale involving the development of new organizational structures and new leadership strategies. The research problem is that software tools do not currently exist that account for this type of environment. The objective of this research is to modify existing software tools that allow researchers to better analyze and assess organizational change in dynamic environments. At the same time, it will develop viable models for these dynamic command and control environments to accurately predict baselines which then can be used to test alternate operations with regard to new processes or new structures. These tools can assist in planned re-organizations, or to conduct what-if planning of organizational changes. Contemporary organizational theorists suggest that complexity in demands requires commensurate complexity in organizational design to meet the needs of these demands [4] . Ultimately, different organizational design options (i.e., structures) have inherent strengths and weaknesses [3, 5] and the selection of one option over another should be driven by the goals and objectives of the organization. re-organizations without some type of planning or modeling is that it can shake up the organization without knowing whether the changes will work and then more changes may be required to find the optimal structure. This effort seeks to eliminate (or at least minimize) the trial and error of organizational changes and replace it with modeling and simulation to provide valid indicators of which organizational structures will provide the best results.
Background
The Virtual Design Team (VDT) research group [6] was initiated at Stanford University in the late 1980s to help managers design organizations and work processes for executing fast-track development of complex products. VDT is an agent-based computational model of a project team and a set of work processes they are attempting to execute in a concurrent manner. VDT has been successfully used to model work activities, communications, and exception handling within traditional organizations working on projects in areas such as construction, aerospace, consumer product development, and healthcare [1] .
VDT-related research evolved the VDT technology into a standalone, easily extensible simulation engine developed during the late 1990s to simulate more dynamic and heterogeneous organizations executing non-routine work. It was used to prototype and test extensions to the VDT model, and as a part of a genetic programming system for automated design of near-optimal organizational structures [7] . Naval Postgraduate School. POW-ER was developed with the intent of allowing the VDT model to be extended easily by individuals with modest programming skills, to model radically decentralized "Power-to-the-Edge" [9] organizations that communicate many-to-many to develop shared global awareness and self synchronize their actions as needed to respond to dynamic task environments. POW-ER has been used to study cross-cultural effects on organizational performance [10] , peer-to-peer knowledge networks [11] , and the effects of learning and forgetting on project performance [12] .
In this project, the VDT model is being applied to support organizational change efforts in command and control (C2) organizations. The C2 environment is dynamic, fast-paced and requires personnel to be focused and agile. It is imperative for the organizational structure of this C2 organization to reflect an agile approach towards work in order to maximize the task throughput [9] .
The advantage of this tool is that it allows change management personnel to test  The existing exception handling mechanisms assume dedicated work on specific projects. When a problem is encountered while performing a task, work is suspended until the problem is resolved. With information flow modeling, a task may be used to represent an ongoing series of sub-activities, it would be inappropriate to stop the entire task due to a problem encountered in one sub-activity.
 The need to model global activities spanning multiple time zones, results in activity 24 hours/day and 7 days/week, which is difficult to represent using the existing VDT/POW-ER simplified work-time only simulation model. POW-ID also adds the ability to simulate stochastic or scheduled retriggerable events. When an event is re-triggered, downstream tasks are scheduled for work again, thus allowing simulation of repetitive activities. An event may also be set to occur on a fixed schedule by setting the schedule attribute to a time and date relative to the start of the project or another milestone.
Cleared for Public
Research progress to date
The strategy consisted of multiple steps including 1) review previously developed process models 2) collect data to facilitate model building, 3) build the models as required, conduct verification and validation, and 4) present the results to the stakeholders. For the first step, process models that were developed under a separate effort were reviewed and provided a good baseline to start model building, at the same time, the research team was directed to a key process and a certain unit within the organization to start the analysis. The second step was to conduct a series of data collection trips. These consisted of personal interviews, typically in the workplace setting, to gain an understanding of the tasks, coordination, number of meetings, and other activities of their particular function. Third, notes were converted into models using the software model building tools. Difficulties arose when trying to pin down the amount of interviewees' time spent on each task. The nature of the business is to work a certain task and then work other tasks while moving back to the first task at a later time.
This has been difficult for the modeling, meaning that it is not the way some work is thought of. Typically a task arrives at your inbox, you complete that task and then you 
